SEQUENTIAL CHANGE OF REGIONAL CEREBRAL BLOOD FLOW AND EFFECT OF HEMODILUTION ON DELAYED NEURONAL DEATH IN GERBIL HIPPOCAMPUS CA1 SECTOR by 金, 良根





SEQUENTIAL CHANGE OF REGIONAL CEREBRAL BLOOD FLOW AND 
EFFECT OF HEMODILUTION ON  DELAYED NEURONAL DEATH IN 
GERBIL HIPPOCAMPUS CAl SECTOR 
YANG KEUN KIM 
The 2nd Dψartment 0/ Surgery， Nara Medic，αl University 
Received J anuary 30， 1991 
Summary: Regional cerebral blood flow (RCBF as a percent of control) in gerbil 
hippocampus CAl sector was measured by Laser Doppler flowmetry prior to， during， and 
serially after 3 or 5 minute occlusion of the bilateral carotid arteries. Regional CBF was 
also measured in groups of 5 minute ischemia after hemodilution. In three groups， delayed 
neuronal death (DND) was evaluated. Hemodilution was performed to exchange human 
albumin for gerbil blood， after which the values of hematocrit decreased by about 26%. 
Sequential change of RCBF couldりecontinuously evaluated as a definite pattern. It was 
clarified that constant residual blood f10w at the occlusion (nil) is noted， and ischemic 
injury is prescribed by only ischemic time in this model， and difference of the post-ischemic 
hypoperfusion finally resulted. The longer the ischemic time (the larger the ischemic 
injury)， the stronger the degree of the hypoperfusion becomes， and DND occurred strongly. 
It was suggested that ischemic injury in this experimental animal model was caused finally 
by twice ischemiae， and post-ischemic hypoperfusion is related to the cause of DND. Post 
-ischemic hypoperfusion could be relieved by appropriate reduction of the hematocrit by 
hemodilution， and that DND could be also somewhat inhibited. As its mechanisms， it was 
estimated that hemodilution improves cerebral microcirculation， and relieves the secodary 
ischemia after ischemia， and accelerates the recovery from disturbance of cerebral blood 
f10w and metabolism. 
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Fig. 1. Diagram of procedure for bilateal common 
carotid occlusion. (Tone et al.) 
砂ネズミ海馬 CA1sector遅発性神経細胞壊死における経時的局所脳血流量変化と
hemodilutionの効果に関する研究 (69 ) 
さ2.0mmの海馬 CA1 sectorにニードノレ型センサー












































N a : 148 mEq/1， K : 0.25 mEq/1， C1 : 100 mEq/1，アル めなかった.
ブミン:44 mg/mI)注入を静脈側から同時に 1回，用手 2. 動脈血カやス分析と hemodilutionによる Hctの変
的に施行し大腿部を皮膚縫合した後一旦覚醒状態とした. 化




液量 4-5m1の小動物で、あるため，血液希釈などの操 トローノレ群で 45.8土1.7であるのに対し， hemodi1ution 
作終了後にさらに採血をおこなうことによって，全身循 5分後34.8士2.3，60分後 33.7土1.9，及び120分後34.1
環動態に不全をきたし，以後の実験に影響を与えると考 :t1. 7とほぼ一定した値に低下しており 1回の
えられたからである.したがって，動脈血ガス分析.Hct hemodi1utionで 120分まで低い Hctが維持できた
の検討のために別の 20匹の動物を用い，採血を動脈ノレー (Fig.2). 
トよりおこなった.hemodilutionを行わなかったものを 3. 局所脳血流量変化
コントローノレ (5匹〕として， hemodilution 5分後 (5 それぞれの群の局所脳血流量変化の代表例を Fig.3
匹〉・ 20分後 (5匹〕・及び 120分後 (5匹〉のそれぞれ に示す.また虚血負荷群についてはその変化のまとめを
につき動脈血ガス分析と Hctの測定をした.カ。ス分析に Tab1e 1・Fig.4に示した.
はRadiomet巴r社製ABL330を用いた(1 )sham群
(3) 閉塞・再開通実験 局所脳血流量は安定した値を取り続け，この実験系に
10匹の砂ネズミを用いて hemodi1ution終了 1時間後 おける麻酔その他の侵襲による脳血流量に対する影響は
に，麻酔条件・虚血作製法等を 5分間閉塞・再開通群と ほぼ無視できると判断された.
全く同様にして局所脳血流量測定を行った. この群につ (2) 3分間閉塞・再開通群
いても 96時間後，光顕標本を作製して海馬領域を組織学 測定開始後約5分間で測定値は安定し，ナイロン糸牽
( 70) 金 良根
Table 1. Regional c巴rebralblood flow as a percent 
of control in the hippocampus CA1 sector 
after recirculation. Values are given as 
mean:1 SD *・** P: <0.01 
Time post-ischemia (minutes) 
10 20 30 
3min ischemia 
105土15 93.0士18 89.2士19(n=10) 
5min ischemia 
86.7:t19 51.8士12* 38.9士10**(n=10) 
5min ischemia 











。 60 120 
Time post-hemodilution (minutes) 
Fig目 2.Th巴sequentialchanges of Hct after hemodilu. 
tion; the Hct values d巴creased45.8 to 34.7， 














同様であり虚血中にはほぼOで， post-ischemic hyper 
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3 min ischemia 
10 20 30 

































5 min ischemia 
(post桶hemodilution)
10 20 30 
Time post-ischemia (mi川 tes)
Fig. 3. Regional cerebral blood flow (RCBF; as a 
percent of controI) in th巴 hippocampusCA1 
sector continuously measured by Las巴rDop目
pler Flowmet巴rprior to， during， and serially 
after occlusion of the bilateral common car. 
otid art巴ries.
砂ネズミ海馬 CA1sector遅発性神経細胞壊死における経時的局所脳血流量変化と











%以上が残存しているものを intact(Photo 2)， 50 %以
上 90%未満を mild CPhoto 3)， 10 %以上 50%未満を









土15%， 20分後で 82.5土6.3%，及び30分後で 69.4:t






3 min ischemia • 5 min ischemia 

























30 20 10 。。
Time post-ischemia (minutes) 
Fig. 4. RCBF as a p巴rc巴ntof control is plotted versus time following a variabl巴
period of post-ischemia in thre巴 groups. Post-ischemic hyperperfusion and 
hypoperfusion were demonstrated. 
Tabl巴 2.D巴layedN euronal D巴athin the hippo 
campus CA1 sector of 96 hours after tran-
sient forebrain ischemia 




















3分間閉塞・再開通群:10匹のうち 8匹が intact， 2 
匹のみが mildであった.
5分開閉塞・再開通群:severe 1匹， compl巴t巴 9匹で
きわめて再現性良く遅発性神経細胞壊死を認めた.
hemodilution前処置 5分間閉塞・再開通群:mild 4 
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Photo l. Photomicrograph of hippocampus 96 hours after transient forebrain ischemia. 
Note th巴pyknoticnecrosis of pyramidal cells in the CAl sector. Subdivision 
of conus ammonius CCA) is indicated by its abrevation. CHematoxylin-Eosin 
stain X 30) 
Photo 2. CAl pyramidal cells Cneurons) 96 hours 
after ischemia appears intact. CHematox 
y lin -Eosin stain X 200) 
Photo 4. CAl pyramidal cells 96 hours after ischemia 
shows severe neuronal death目 CHematoxylin
Eosoin stain X 200) 
Photo 3. CAl pyramidal cells 96 hours after ischemia 
shows mild neuronal death. CHematoxylin 
-Eosin stainX200) 
Photo 5. CAl pyramidal cells 96 hours after isch巴mia
shows complete neuronal death目 CHematox-
ylin-Eosis stainX200) 
